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Abstract 
Disposal of mud and ash, particularly in wet weather conditions, is a 
significant expense for mills.  This paper reports on part of a process to 
pelletise mud and ash, aimed at making mud and ash more attractive to 
growers across entire mill districts.  The full process and the re-
constituting and centrifuging rotary vacuum filter mud part of the process 
were described in two papers to the 2011 conference.  The component 
described in this paper involves aspects of mixing mud and ash with 
subsequent drying using boiler exit gas.  The mud material needs to mix 
easily with boiler ash and the mixture has to feed easily into and be 
pneumatically conveyed by a flue gas dryer.  The performance of a pilot 
flue gas dryer for drying mud and ash was evaluated.  The mud and ash 
mixture was found to dry much faster than final bagasse, provided the 
mud and ash material was broken up into individual particles.  A 
previously developed computer model of bagasse drying was updated to 
take into account the smaller particle size of the mud and ash mixture.  




Disposal of mud and ash, particularly in wet weather conditions, is a significant 
expense for mills.  The high moisture content, particularly of mud, makes transport of 
the product expensive, resulting in a preference for mud disposal sites close to the 
mill.  As a result, farms close to mills generally receive a greater proportion of mud 
and ash than those further away.  If the material could be dried and / or turned into 
pellets, then transport to more distant farms would be more economically viable.   
A study into the processes and economics of pelleting mud and ash was carried 
out by Tully Mill and QUT from 2007 to 2010 and an overview of the complete 
process is provided by Kent et al. (2011).  At Tully Mill, typical mud and ash 
moistures are about 76% and 53% respectively.  Small scale pelleting trials in 2009 
showed that a mixture of mud and ash in the Tully production ratio of about 2:1 (dry 
basis by mass), dried to about 20% moisture, could be successfully turned into pellets 
of significantly higher bulk density. Small-scale drying tests using a pilot flue gas 
dryer were successful in drying mud and ash mixtures to low moisture contents. 
However, the small scale mud and ash drying trials found that mixing high moisture 
  
mud and ash was problematic, with the product likely to cause blockages in a flue gas 
dryer.  A decanter centrifuge was used in 2010 (Plaza et al., 2011) to produce a mud 
product with reduced moisture (60-65%) and a consistency that would allow easy 
feeding into a flue gas dryer.  This paper describes in detail the preliminary and main 
trials on mixing mud and ash and drying using a flue gas dryer. 
Preliminary trials - 2009 
A pilot dryer was designed by QUT and drawn, manufactured and installed by 
Tully Mill staff.  The design was based on drying bagasse.  The dryer used final flue 
gas from the No. 1 boiler, taking the flue gas from the duct after the airheater and 
returning it just before the ID fan.  The dryer is shown in Figure 1.  The material to be 
dried is introduced at the inlet rotary valve, dried in the drying tube, and separated 
from the flue gas in the cyclone.  The inlet and outlet rotary valves were manually 
driven.  The drying tube was 250 mm NB, with a length of approximately 7.0 m. 
 
Fig 1 – Schematic of mud centrifuging trials at Tully Mill. 
The relatively fresh (~one-day-old) mud and ash are shown in Figure 2 and 
Figure 3 respectively.  The mud was very sticky and was made up of large lumps.  
The ash was made up of small individual particles, and where some lumps are shown, 
they broke up easily even when handled.  The original plan was to mix the mud and 
ash in the ratio of 2:1 (dry basis) using a cement mixer (bowl volume of ~60 litres).  
However, it was found that as soon as the cement mixer was operated, the mud began 
to form into round balls / pellets.  The ash by itself did not form into balls.  Initially 
putting the ash in the cement mixer and adding the mud to the ash while operating the 
cement mixer was found to grow a smaller number of balls, but did not prevent the 
  
problem.  Changing the rotational speed of the cement mixer from an initial 
22.2 r/min to about 12.8 r/min (almost half the speed) did not prevent the problem 
either.  The bowl of the cement mixer is shown in Figure 4 with most of the material 
having turned into balls.  Figure 5 shows a ball broken in two with the inside being 
unmixed (essentially 100% mud). 
 
 
Fig 2 – Rotary vacuum filter mud (moisture 78% to 82%). 
 
 
Fig 3 – Boiler ash (~50% moisture). 
  
 
Fig 4 – Mud and ash mixture formed into balls. 
 
 
Fig 5 – Broken ball with inside unmixed. 
The forming of balls created three problems: the balls had to be broken up for 
effective mixing of the ash and mud; any of the large balls that made it into the dryer 
would almost certainly cause blockages; and the smaller balls that did not cause 
blockages did not dry properly (when they were collected from underneath the 
cyclone their surfaces had formed hard thin crusts and the inside of the balls would 
still be wet). 
An alternative mixing procedure was to mix the mud in a large bucket using a 
paint mixer and a drill.  Although successful in achieving good mixing and small 
particles, this procedure used a large amount of energy and only a small amount of 
mud and ash could be mixed at a time. The mud and ash mixture produced by this 
alternative process was dried using the following method:  
1. The mixed sample was analysed for moisture content using a Sartorius 
MA 45 automatic analyser supplied by Tully Mill. 
2. The gas temperature and oxygen content in the 250 mm NB flue gas 
tube before the inlet rotary valve were measured and the gas temperature 
in the dryer tube just before the cyclone was monitored.  The 
  
measurements were carried out before, during, and after the mud and ash 
mixture had been fed into the inlet rotary valve. 
3. Just before starting to feed in the mud and ash mixture, the outlet rotary 
valve at the bottom of the cyclone was rotated to ensure that there was 
no build up of dust (due to the flue gas ash content) before the test. 
4. The mixture of ash and mud was fed in, with the inlet rotary valve 
rotated manually, as evenly as possible over three minutes.  There was 
no attempt to seal the rotary valve entry with the mixture, since this 
would have resulted in compaction and almost certainly a blockage 
above the rotary valve. 
5. When the test was finished, the outlet rotary valve at the bottom of the 
cyclone was rotated manually to deliver the collected dried mud and ash 
mixture. 
6. The sample collected from the outlet of the cyclone was analysed for 
moisture content using the Tully Mill moisture analyser. 
The gas temperature measurements were carried out using a thermocouple at the 
dryer tube outlet and both a thermocouple and gas analyser at the dryer tube inlet.  
The gas analyser was also used for oxygen measurements.  The gas flow 
measurements were carried out using an S-pitot tube and a differential pressure 
indicator.  Static pressure measurements were carried out using the same pressure 
indicator.  The tests carried out are shown in Table 1.  For test 1 and test 3 the mud 
had been dried in the sun from ~80% to ~70% moisture before mixing.  Table 2 
shows the gas flow measurements before the tests.  Table 3 shows the drying test 
results. 
Table 1 – Description of initial mass (wet basis) and moisture data for tests 















1 9.8 2.8 12.6 63.8 0.25 
2 15.2 2.8 18.0 74.8 0.36 
3 19.6 5.6 25.2 67.8 0.50 
4 30.4 5.6 36.0 75.9 0.72 
 
Table 2 – Gas flows in drying tube  
 Gas velocity  
(m/s) 
Gas flow rate  
(m3/h) 
Gas flow rate  
(t/h) 
Prior to tests 1 and 2 20.4 3600 3.06 






Table 3 – Summary of drying test measurements 
Test Gas measurements before inlet 
rotary valve 
Gas temperature before 
cyclone 
Moisture content of 
final mud and ash 
mixture   
(%) 
Oxygen        





Feed      
(C) 
1 11.1 192.4 118.5 88.5 9.72 
2 11.4 194.9 126.7 104.7 2.68 
3 13.1 175.3 102.6 71.3 34.3 
 
The flow rate of the mud and ash mixture for test 4 was too high for it to be 
entrained in the gas and the drying tube blocked.  For the other tests the dryer 
achieved excellent drying of the mud and ash mixture, better than had been expected 
and designed for (since the design was based on drying bagasse).  A photo of the dried 
material is shown in Figure 6.  The dried material was basically fine powder.  It is 
probable that the better drying performance was due to the mud and ash particles 
being smaller than bagasse particles.  A second reason may be that the water is more 
on the outside surface of the mud and ash particles, while it has to diffuse out of 
bagasse particles. 
 
Fig 6 – Dried mud and ash mixture. 
The DRYER model, developed in unpublished work by SRI and used in this 
design, was upgraded to more accurately represent the drying of mud and ash.  As part 
of the upgrade, the bagasse size distribution coded into the original DRYER model 
was replaced by a typical dust collector inlet ash size distribution (no particle size 
information for a mud and ash mixture was available).  The bagasse and ash particle 
size distributions are compared in Table 4.  Clearly, the modelled ash particle size 





Table 4 – Comparison between the bagasse and ash size distributions (based on 
particle diameter) used in the DRYER model.  






< 50  2.0 67.8 
> 50  < 150  8.3 23.0 
> 150  < 500  58.2 9.1 
> 500  31.5 0.1 
 
A mud and ash ball which escaped being broken up and made it through the 
dryer is shown in Figure 7, with a hard intact crust on the surface while the inside 
remained wet.  The results emphasise the importance of breaking up the mud and ash 
mixture into small particles before feeding into the dryer. 
 
Fig 7 – Mud and ash ball with inside still wet. 
Main trials - 2010 
A concrete truck was used to re-constitute rotary vacuum filter mud by adding 
water.  The slurry was then processed by a decanter centrifuge to produce ~60% 
moisture mud (Plaza et al., 2011).  The 60% moisture mud, shown in Figure 8, was 
mixed with boiler ash and then the mixture dried in the flue gas dryer. 
A trial was carried out to mix the relatively dry centrifuged mud with boiler ash 
in a cement mixer.  Initially 6 kg of fresh boiler ash (light grey colour) was put into 
the cement mixer and the cement mixer was rotated (22.2 r/min).  However, almost 
immediately the ash began forming into balls, with water moving to the surface.  The 
ash was of higher moisture content than the ash used in 2009.  A similar cement mixer 
had been used in 2009 to mix the ash without any problems. A quantity of ash (with 
lower moisture content) was sourced from the ash silo.  Six kilograms of this ash were 
rotated in the cement mixer with the ash remaining as individual particles.  The same 
quantity of centrifuged mud (6 kg) was added to the ash in the cement mixer and the 
cement mixer was rotated.  The mixing was quickly accomplished (within ten 
seconds), with the mixture remaining as separate particles.  The mixed mud and ash 
are shown in Figure 9. 
  
 
Fig 8 – Re-constituted and centrifuged rotary vacuum filter mud 
 
Fig 9 – Mixed centrifuged rotary vacuum filter mud and boiler ash. 
The moisture contents of the mud and ash materials are given in Table 5.  The 
ash that made balls was only 4 units of moisture wetter than the ash that stayed as 
separate particles.  Mill staff stated that the best moisture content achieved by the ash 





Table 5 – Summary of moisture contents for drying test  
Material Moisture content (% wet) 
Sub-sample 1 Sub-sample 2 Average 
Ash that made balls 52.89 53.71 53.30 
Ash which stayed as separate particles 48.73 48.88 48.81 
Reconstituted then centrifuged mud 57.29 57.70 57.50 
Mud/ash mixture 53.26 53.06 53.16 
 
A larger scale trial was carried out where one tonne of ash (at ~53% moisture) 
was put into a concrete truck bowl (drum volume of 10 tonnes on specification to 
AS1379, estimated to be ~24 m3) using a loading conveyor as shown in Figure 10, 
and was mixed in the bowl for 5 minutes.  Before being placed in the bowl, the ash 
broke readily into individual particles, and felt dry.  However, the ash that was 
removed from the bowl was, as shown in Figure 11, lumpy and sticky and unsuitable 
to be mixed with the centrifuged mud and dried in the pilot flue gas dryer. 
A sample of ash was taken for moisture analysis.  Before the analysis, a 
significant amount of free water drained from the sample, reducing its moisture 
content.  The measured moisture was about 54%, one unit higher than the initial 
moisture content of the ash before mixing.  Since a significant amount of water had 
been drained before the analysis, it is unlikely that the water had come solely from the 
internal structure in the ash.  It is suspected that the ash absorbed moisture from the 
atmosphere during mixing in the concrete truck bowl.  No ambient humidity tests 
were carried out during the trials; however the Tully weather at the time was hot and 
humid. 
 
Fig 10 – Boiler ash in loading conveyor to concrete truck bowl. 
  
 
Fig 11 – Mixed ash from concrete truck bowl after being dumped on the ground. 
A procedure was developed for mixing a large quantity of centrifuged mud at 
60% moisture content and boiler ash at 53% moisture content in a concrete truck. 
About 0.9 t of centrifuged mud should be loaded into the concrete truck bowl while 
rotating the bowl at idle speed around 1 r/min, then add about 0.45 t of ash, and rotate 
the bowl at a higher speed of about 10 r/min for approximately 30 seconds.  Although 
some balls did form, it was judged that the bulk of the mud and ash mixture was still 
in separate particles and was suitable to feed into the flue gas dryer. 
The flue gas dryer had additional equipment installed for the 2010 trials, namely 
an inlet rubber belt, an inlet chute, a constant speed drive on the inlet rotary valve, a 
constant speed drive on the outlet rotary valve and an outlet rubber belt.  Once the 
mud and ash were mixed together in the concrete truck bowl, the concrete truck was 
used to transport the mixture to the dryer rig and to meter out the mixture onto the belt 
feeding the flue gas dryer, as shown in Figure 12.  Note that, to prevent blockages, no 
attempt was made to have the inlet sealed with the ash and mud mixture to prevent 
ingress of cold air into the drying tube.  Figure 13 shows the mixture exiting the dryer 
and being collected in a skip. 
During one of the drying trials, instead of using a concrete truck to mix and feed 
mud and ash to the drying flue gas rig, the mud and the ash were poured separately 
onto the inlet conveyor belt from buckets, manually.  It was found that the product 
coming out of the rotary valve was well mixed.  Therefore, it is believed that a mixing 
procedure that avoids rotation and shear, such as pouring mud and ash from two 
conveyors into the same pile, would be adequate for mixing and would avoid the 
tendency of the materials to make balls or lumps. 
  
 
Fig 12 – Metering mixed centrifuged mud and boiler ash to dryer rig. 
 
Fig 13 – Mixed centrifuged mud and boiler ash after exiting dryer. 
Most of the larger pieces of material in the mixture, such as the balls formed 
during mixing, stayed inside the drying tube.  After drying one batch of about 1.35 
tonnes of mixture, the tube blocked.  Unblocking the tube usually took at least an hour 
and usually required a water hose.  The mixture built up on the almost vertical walls at 
the bottom of the cyclone and the sides of the cyclone had to be hit with a heavy pipe 
to dislodge the material.  A commercial flue gas dryer unit for the mud and ash 
mixture would need to include equipment and a procedure to periodically clean the 




Fig 14 –Material after exiting dryer, showing fibrous nature. 
The minimum flow of mud and ash mixture from the concrete truck bowl was 
approximately 0.91 t/h (or 18.6 t/h per m2 cross-sectional area of dryer tube).  To 
obtain a lower flow the bowl had to be stopped and more manpower was required to 
deliver a continuous feed of mixture to the inlet belt conveyor.  For most of the time 
the feed rate of 0.91 t/h did not cause problems.  The flow was almost double that 
which was successful in feeding through the dryer in 2009 (0.5 t/h, or 10.2 t/h per m2 
cross-sectional area of dryer tube) under similar gas flow and temperatures.  The 
higher flow possible is likely to be due to the individual particles produced by the 
centrifuge.  As stated before, most of the relatively small number of larger lumps 
(10 mm to 20 mm diameter) stayed in the drying tube and blocked it eventually.  The 
reduction in moisture content (shown in figure 5) was quite low (from 52.7% to 
46.5%) due to the large flow rate of mixture, and a large inflow of cold air into the 
simple rotary valves.  From the measured oxygen concentrations in the flue gas 
upstream and downstream of this rotary value the estimated air leakage was 63% of 
the flue gas flow being drawn from the boiler duct.  A modified air sealing 
arrangement would significantly have improved the drying. 
Comparison of the outlet moisture measurement with the predicted value for the 
(corresponding) 63% air leakage case in Table 6 shows that there is very good 
agreement.  This result was very promising in that, following on from the 2009 
upgrade of the drying model for mud product, no further adjustment of the model was 
necessary.  
Table 6 – Measured and predicted performance of the Tully pilot flue gas dryer 
Flue gas mass flow (t/h) 2.79 
Mud mass flow (t/h) 0.91 
Inlet mud moisture content (%) 52.71 
Measured outlet mud moisture content (%) 46.50 




Predicted flue gas temperature downstream of rotary valve (°C) 218 160 
Predicted flue gas temperature at the exit of the drying duct (°C) 64 59 
Predicted outlet mud moisture content (%) 41.5 45.8 
 
  
The predictions in Table 6 also show that, with less air leakage, the final mud 
moisture content can be reduced by over four percentage points, i.e. the moisture 
content reduction can be almost doubled.  Note that for both cases the predicted gas 
temperature at the exit of the drying duct is very low which indicates virtually all the 
drying energy has been extracted from the flue gas.  An additional simulation was 
carried out for the 10% air leakage case with a halved mud flow rate, similar to the 
highest rate that was found to flow in the drying rig in 2009.  The predicted outlet 
mud moisture content was 22%, which is approximately the moisture content required 
for pelleting. 
Conclusions 
Mixing and drying tests for centrifuged mud and boiler ash were carried out. 
The 53% moisture content ash, when mixed in a revolving cement mixer or concrete 
truck, formed balls and/or formed into a slurry like consistency.   The resultant 
material was unsuitable for drying in a flue gas dryer.  The 48% moisture ash did not 
have these problems when mixed.  However, it is unlikely that ash with a lower 
moisture content than 53% can be produced by the existing boiler ash system at Tully.  
A method of mixing a large quantity of 60% moisture content centrifuged mud and 
53% moisture content boiler ash in a concrete truck was developed.  A total of about 5 
t of mud and ash were mixed in a 2:1 ratio (dry basis). 
The 5 t mixture was put once through a flue gas pilot rig dryer at a high rate 
determined by the delivery rate of a concrete truck, reducing its moisture content from 
about 52.7% to about 46.5% (a moisture content of about 20% is required for 
pelletising).  It was possible to put a higher flow rate of centrifuged mud and boiler 
ash material through the drying rig than the lumpier and stickier rotary vacuum filter 
mud and boiler ash mixture that was dried in the preliminary tests in 2009.  However, 
after about 1.5 hours of continuous operation, the drying pipe blocked, due to the 
presence of larger particles that could not be expelled from the dryer, and required a 
significant effort to unblock.  It was identified that a commercial flue gas dryer unit 
for the mud and ash mixture would need to include equipment and procedures to 
periodically clean the inside of the dryer. 
The test measurements and modelling identified that cold air ingress into the 
rotary valves of the drying rig was a significant problem and the drying performance 
of the rig could be improved by relatively small changes to the rotary valve design to 
minimise the air ingress. 
The pilot dryer was designed using a bagasse drying model.  The actual 
performance of the dryer was much better than that predicted by the bagasse drying 
model.  This model was upgraded to better approximate the geometry of the mud and 
ash particles and the upgraded model predicted the performance of the dryer well.  
The improved capability in modelling mud drying in a flue gas rig is a product of the 
project. 
As reported at the 2011 ASSCT, the process of producing mud and ash pellets is 
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